Background/Aims: There is no consensus regarding the optimal nonpharmacological intervention to slow down dementia-related decline. We examined whether physical stimulation interventions were effective in reducing cognitive, physical, mood, and behavioral decline in nursing home residents with dementia. Methods: Eighty-seven nursing home residents with dementia were randomly assigned to 3 physical activity interventions: activities of daily living (ADL) training, multicomponent exercise training, or combined multicomponent exercise and ADL training. Outcomes were measured at baseline, and after 3 and 6 months. Results: A 6-month ADL training benefitted executive functions, physical endurance, and depression among men. Exercise training benefitted only grip strength of participants with mild-to-moderate cognitive impairment. A combined training benefitted functional mobility compared to ADL training, depressive symptoms and agitation compared to exercise training, and physical endurance compared to no physical stimulation. Conclusions: ADL training appears to be effective for nursing home residents with moderately severe dementia. It remains unclear whether exercise training is an effective type of stimulation.
Introduction
Dementia is characterized by a progressive decline in cognitive and physical functions, and patients often present behavioral problems [1] [2] [3] . Cognitive functions affected by dementia typically include memory, global cognition, attention, and executive functions (EF) [4] . EF consist of higher-order cognitive functions, such as planning, set-shifting, taking initiatives, impulse control, and attention [5] . Decline in physical ability is reflected in, among others, loss of mobility, and reduced strength, balance, and walking endurance [6] . Behavioral and psychological symptoms of dementia affect more than 80% of patients [1, [7] [8] [9] and include aggression, agitation, apathy, anxiety, and depression [1] . Deterioration in cognitive, physical, and behavioral functions worsens as the disease progresses and is associated with a reduced ability to function independently [10] and a lower quality of life of nursing home (NH) residents with dementia [11] .
To date, there is no cure for dementia, and nonpharmacological interventions, such as physical activity, are a promising method for slowing down dementia-related decline [12] . The benefits of physical activity in elderly subjects are well established, including improvements in cognitive functions (in particular EF), balance, strength, walking endurance, mood, and behavioral problems [13] [14] [15] [16] [17] [18] . Biological mechanisms, such as alterations in brain structure and function in response to physical activity, are suggested to underlie these benefits [19, 20] . For instance, physical activity is thought to promote neurogenesis [21] and to increase brain volume and blood flow in the frontal and temporal lobes: brain regions which are vulnerable for dementia-related decline [22] . Stimulating physical activity thus seems to improve brain vitality and may be an appealing intervention to slow down dementiarelated decline [12, 23] .
Two methods are commonly described in the literature to stimulate physical activity in NH residents with dementia: (1) activities of daily living (ADL) training and (2) exercise training. The first method, ADL training, stimulates physical activity by encouraging residents to perform as much of their self-care as independently as possible during daily care tasks [24] . There is some evidence that ADL training can improve cognitive functions [25] , physical functions [24, 26, 27] , depressive symptoms [28, 29] , and agitation [29] . However, inconsistency remains as other studies do not find benefits of ADL training on these outcomes [26, 30, 31] . Possible explanations for the negative results are the small nonrandomized designs [26] , or insufficient intensity, frequency (e.g., 15 min per day/6 days per week) [30] , or duration of interventions (majority < 6 months) [26, 27] . With regard to the second method, exercise training, multiple studies report benefits on physical performance [32] [33] [34] [35] [36] [37] , cognitive functions [12, [38] [39] [40] [41] [42] [43] [44] , mood, and behavioral problems [1, 2, 9, 32] in elderly subjects with dementia. Nonetheless, other studies report no benefits of exercise on these outcomes [21, 34, 35, [43] [44] [45] [46] [47] [48] [49] . The majority of noneffective studies had a short duration (< 4 months) [21, 43, 47] or too low an intensity [44] .
Heterogeneity in type, frequency, and duration of physical activity interventions limits the ability to draw firm conclusions about the optimal training for NH residents with dementia [21, 32, 43, 47] . For instance, some studies report the greatest benefits after multicomponent exercise interventions (e.g., combined strength and aerobic exercises) [32, 42] , while other studies consider aerobic exercise to be the driving force for improvements in cognition, physical functions, mood, and behavioral problems [1, 2, 12] . Regarding the duration, there is some evidence that short-term exercise interventions (< 12 weeks) are more likely to benefit mood and behavioral problems [9] , while other studies report benefits on these outcomes only after 12 weeks of exercise [36, 50] . Despite the heterogeneity, there is some consensus that the largest improvements in function are found after multicomponent interventions with a duration of at least 12 weeks, with larger effect sizes (ES) found in interven-
Methods

Design
The present study was a double parallel randomized controlled trial with 3 physical activity interventions, which has been described in a previous study [52] . The scientific and Ethical Review Board of the Faculty of Behavior and Movement Sciences of the VU University Amsterdam approved the study (VCWE-2015-183R1). Written informed consent was obtained from the participant's legal representatives prior to inclusion.
Randomization
An independent researcher randomized 11 locations of a Dutch NH to an ADL training or care as usual intervention. Subsequently, participants at each location were individually assigned to an exercise or control intervention using a random number generator with random block sizes and a random number of blocks. Recruitment procedures have been described in a previous study [52] . In total, 4 groups were compared: (1) ADL: ADL training, (2) EX: exercise training, (3) EX-ADL: combined exercise and ADL training, and (4) CO: no physical activity intervention (Fig. 1) .
Sample Size
A power calculation was performed based on the Erlangen-ADL [53] , the primary outcome measure of the trial, which we have described in a previous study [52] . With an α-value set at 0.05, β at 0.80, an intraclass correlation of 0.6 within the participant, and an intraclass correlation of 0.1 within the location, we required a group of 120 participants to detect a difference of 0.48 standard deviations (SD) in the outcome variable with a comparison between 2 groups. With a comparison between 4 groups, we can detect a difference of 0.68 SD in outcome.
Participants
Inclusion criteria were (1) living on a psychogeriatric ward of NH "tanteLouise," (2) diagnosis of dementia, (3) functional mobility level A or B (according to the Arjo mobility gallery; residents with level A are ambulatory, but may use a walking stick; residents with level B use a walking aid) [54] , (4) age ≥65 years, (5) a score on the Mini-Mental State Examination (MMSE) between 1 and 24 [55] , and (6) able to complete the 6-min walking test (6MWT) (with or without walking aid) [56] . Exclusion criteria were (1) wheelchair bound [54] , (2) very poor vision, (3) severe cardiovascular problems, (4) instable diabetes mellitus, or (5) aggressive or runaway behavior.
Demographics
Factors considered were age, gender, educational level, type and severity of dementia, and comorbidities. Participants were classified as having received low (score 1-3), medium (score 4-5), or high (score 6-7) education using the classification of Verhage [57] . Severity of dementia was determined using the Global Deterioration Scale [58] , with scores ranging from 1 (no cognitive decline) to 7 (very severe). Type of dementia and comorbidities were derived from the patients' medical charts. Comorbidities were categorized according to the Dutch translation of the Long-Term Care Facility Resident Assessment Instrument, section
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months. The cognitive outcomes were administered by trained neuropsychology students, and the physical outcomes by human movement science students, who were all blinded to group allocation. The depression, apathy, and agitation questionnaires were completed by nursing staff who, due to the nature of the intervention, could not be blinded to group allocation.
Cognitive Function
Cognitive impairment was measured with the MMSE (scored from 0 to 30; scores below 24 indicate cognitive impairment) [55] and the Severe Impairment Battery -Short Form (SIB-S, scored from 0 to 50; higher scores indicate better cognitive functions) [60] . The MMSE and SIB-S are reliable and valid tools for elderly subjects with dementia [61] . EF was measured using the category fluency subtest of the Groninger Intelligentie Test [62, 63] , the Wechsler Digit Span Task Backward (scored from 0 to 21) [64] , and the go-no-go test and conflicting instructions test of the Frontal Assessment Battery (scored from 0 to 3) [65] . An "EF" domain was created which is the average of the sum of the z-scores of the category fluency task, go-no-go test, conflicting instructions test, and the digit span task backward. Attention was measured with the Digit Span Task Forward (DSF, scored from 0 to 21) [64] . Higher EF and DSF scores indicate better functioning. All EF instruments and the DSF were administered only to participants with an MMSE of 5 or higher.
Physical Function
Physical Endurance. The 6MWT measured physical endurance [56] . Participants were asked to walk the longest distance possible within 6 min. The outcome was total walking distance in meters, with higher scores indicating better performance.
Functional Mobility. The timed up and go test measured functional mobility [66] . The outcome measure was time, in seconds, taken to stand up from a chair, walk 3 m, turn, return to the chair, and sit down. Lower scores indicate better performance.
Balance. The figure-of-8 walk test [67] and the Frailty and Injuries: Cooperative Studies of Intervention Techniques-4 scale (FICSIT-4) measured dynamic balance and static balance, respectively [68] . A "balance" domain was created which is the average of the sum of the z-scores of the figure-of-8 walk test and the FICSIT-4, with higher scores representing better balance.
Muscle Strength. The timed chair stand test 5 repetitions measured lower limb strength [69] . The outcome was time, taken in seconds, to stand up from a seated position 5 times. Lower scores indicate better performance. The Jamar hand dynamometer assessed hand grip strength bilaterally [70] . The physical performance tests used in this study are reliable for use among elderly subjects with dementia [71] [72] [73] .
Mood and Behavior Depressive symptoms were measured using the Cornell Scale for Depression in Dementia (scored from 0 to 38; higher scores indicate more depressive symptoms) [74] . Apathy was measured using the Apathy Evaluation Scale-10 (scored from 10 to 40; higher scores indicate more apathetic behavior) [75] . The CohenMansfield Agitation Inventory (CMAI) measured the frequency of agitated behaviors [76, 77] . Symptoms can be clustered into aggressive behavior (scored from 9 to 63), physically nonaggressive behavior (scored from 6 to 42), and verbally agitated behavior (scored from 5 to 35). The depression, apathy, and agitation questionnaires are sufficiently reliable for use in NH residents with dementia [75, 78, 79] .
Procedure
Interventions ADL Training. The ADL intervention is an individually based training for participants, in which nursing staff stimulated participants to perform as much of their daily self-care and activities as independently as possible throughout the day. This includes areas of self-care (e.g., getting dressed, bathing, and eating) as well as household activities (e.g., making the bed, setting the table, and doing the dishes). Participants performed these tasks either with or without verbal instructions from the staff. For each participant, individually based goals, plans, capabilities, and activities were reported in the following 4 domains of the health care plan: (1) living conditions, (2) participation, (3) mental well-being and autonomy, and (4) physical well-being and health. The person-centered approach allowed for variance in training based on someone's capabilities and limitations. In a previous study, we have provided a detailed example of an individually based health care plan [52] . Prior to starting the ADL intervention, a group of "ambassadors" (consisting of 1 physio-or occupational therapist and 2 nursing staff) received a 3-h educational session. In this session, qualified physio-and occupational therapists provided ambassadors with information about the benefits of physical activity, and how to (safely) stimulate residents to perform daily care and activities independently. Two additional 3-h educational sessions were provided 6 and 14 weeks into the intervention, in which ambassadors also had the opportunity to ask questions and receive feedback from the trainers about problems which they (or other staff members) may have encountered during the ADL intervention. Ambassadors were responsible for sharing their knowledge about ADL stimulation with other staff members and warranting the continuation of ADL training at their ward. Participants in the control locations received care as usual.
Exercise Training. Qualified movement teachers guided the multicomponent exercise training, which consisted of alternating strength and aerobic sessions. All sessions were group-based (4-6 residents) and took place 3 times per week for 6 months. Sessions were alternated weekly (e.g., a week of 2 strength and 1 aerobic session, followed by a week of 1 strength and 2 aerobic sessions). Each session lasted 30-45 min, with a progressive increase in intensity. Strength exercises were performed from a seated position and concentrated on upper extremities (i.e., chest press, side and front raises, triceps/biceps curl, seated row), lower extremities (i.e., squats, calf raises, seated leg extension, standing rear leg raise, hip abduction), and the torso (i.e., chair crunch, seated back extension). Exercises were intended to start with 3 sets of 8 repetitions, which could be increased to 10, 12, or 15 repetitions, and subsequently with additional weights, only after correct execution. The aerobic training consisted of outdoor walking sessions. Participants were assigned to either a short walking route (500 m) or a long route (1 km), depending on their performance on the 6MWT. In a group of 4-6 participants, 1 movement therapist guided 2 participants to guarantee individual attention and safety, to optimally match participants on their walking pace and to minimize differences in fitness level within a group. The intensity of the training was increased by increasing either the walking distance or the walking speed by means of interval training. Participants in the control group drank tea with the nursing staff 3 times per week to control for the social aspect of the exercise intervention.
Compliance to the Intervention
To determine compliance to the ADL intervention, 23 ambassadors from the ADL locations were asked to complete a monthly online questionnaire. The questionnaire consisted of 3 questions pertaining to the extent to which ambassadors: (1) stimulated residents to perform more ADL activities independently, (2) motivated other staff members to stimulate resident independence, and (3) took over care tasks that residents were able to perform independently. All questions were rated on a scale from 0 to 100. To determine compliance to the exercise intervention, movement teachers reported participants' attendance (or reasons for absence) to the exercise sessions, as well as the intensity of strength and aerobic sessions (i.e., number of sets and repetitions, and distance walked, respectively).
Statistical Analysis
Data were analyzed using IBM SPSS 21.0. One-way independent ANOVAs and Pearson's χ 2 tests were used to compare groups at baseline. To evaluate the effects of the interventions, multilevel analyses were performed using a 3-level model: (1) observations, (2) participants, and (3) NH. A modified intention-to-treat approach was used: we included all participants with at least 1 post-baseline assessment. Two models were used to analyze the data: (1) overall intervention effects, independent of time, and (2) differences in intervention effects over time. Regression coefficients were reported, representing an overall intervention effect for model 1 (group estimate), and the difference in intervention effect at different time points for model 2 (group-by-time estimate). No imputation method was used for missing data, as multilevel analysis is flexible in handling missing data [80, 81] . To evaluate the effect of the ADL training, the ADL group (EX-ADL and ADL) was compared to the group receiving no ADL training (EX and CO). To examine the effect of the exercise training, the exercise group (EX-ADL and EX) was compared to the group receiving no exercise training (ADL and CO). To evaluate the effect of the combined exercise and ADL intervention, EX-ADL was compared to the "ADL only" group (ADL), the "exercise only" group (EX), and the group receiving none of the two physical activity interventions (CO). All analyses were adjusted for baseline performance, age, and gender. Analyses were stratified for gender or MMSE if these were effect modifiers, in which case results were reported separately for groups. Statistical significance was determined at p < 0.05. A Bonferroni correction was used to correct for α-inflation for the "EF" domain, EF tasks, and the DSF (p < 0.01 [0.05/5]), the "balance" domain (p < 0.017 [0.05/3]), and the subscales and overall score of the CMAI (p < 0.017 [0.05/3]). ES (Cohen's d) were calculated by dividing the regression coefficient by the standard deviation of the outcome variable. Cohen's d of 0.2, 0.5, and 0.8 were considered small, moderate, and large ES, respectively [82] .
Results
Sample
In total, there were 350 residents living at the psychogeriatric wards of the NH. All residents were assessed for eligibility. We were able to include 87 participants from the intended 120 participants (Fig. 1) . Baseline demographic characteristics for the randomized groups were well matched ( Table 1 ). The average MMSE scores are indicative of a sample with a moderately severe stage of dementia [83] . In total, 10 participants were excluded from the EF analyses due to an MMSE score below 5. Most baseline scores on outcome measures did not differ significantly between groups, except for the 6MWT and grip strength ( Table 2 ). The dropout rate was not significantly different among the 4 groups (EX-ADL 24%, ADL 23%, EX 27%, CO 27%, = 0.57, p = 0.89). Participants who dropped out were slightly older (88 vs. 85) and had a higher Global Deterioration Scale score (5.63 vs. 5.19).
Compliance to the Intervention ADL Intervention. The response rate to the monthly questionnaires to measure compliance to the ADL intervention was 76%. Mean compliance to the intervention was 68%, which includes the following 3 aspects: (1) 69% of the time, nursing staff succeeded in letting residents perform care tasks independently, (2) 66% of the time, staff managed to stimulate the participants to perform more ADL activities independently, (3) 70% of the time, ambassadors succeeded in motivating other staff members to stimulate residents. The main reasons for not succeeding to stimulate residents were fatigue (54%) or unwillingness (45%) of the resident. GDS, Global Deterioration Scale; EX-ADL, exercise and ADL; ADL, social activity and ADL; EX, exercise and control; CO, social activity and control; AD, Alzheimer's disease; VaD, vascular dementia. Staff also indicated that it was sometimes faster to take over care tasks, which felt necessary due to high workload, but also because residents did not understand certain tasks.
Exercise. Mean attendance to the intended 72 exercise sessions was 55% (mean = 39.5, SD = 20.8; range = 0-64). There was no significant difference in attendance between the aerobic and strength sessions. The main reasons for absence were influenza, norovirus, lack of motivation, overlapping activities, and bank holidays. The intensity of the training was not always consistently reported. However, the intensity reports that were available suggest that there were a few deviations from the intended exercise protocol: mainly 2 sets of repetitions were trained instead of the intended 3, and participants did not always achieve the 500 m or 1 km walking distance due to time constraints.
Intention-to-Treat Analysis
Adjusted multilevel models providing overall intervention effects and intervention effects after 3 and 6 months of the ADL training and the exercise intervention are presented in Table 3 .
Effect of ADL Training
Cognitive Functions. There was no significant main effect of the ADL training on the MMSE (b = 0.18, t(54) = 0.22, p = 0.83), the SIB-S, DSF, or the EF domain when compared to the control group (Table 3) . A significant group-by-time interaction was found for the EF domain, as the ADL group performed better than the group receiving no ADL training on EF after 6 months of training (p = 0.007; Table 3 ). The Cohen's d ES was 0.69, indicating a medium ES (Fig. 2) . When examining the separate EF tasks, a significant main effect of ADL training was found on the category fluency task (p = 0.004), showing a small-to-medium ES (Cohen's d = 0.48; Fig. 2 ). This indicates that on average over time, ADL training had a positive effect on category fluency when compared to no ADL training. The largest difference in category fluency performance between the ADL group and the control group was observed after 6 months of training (p = 0.007), with a medium ES (Cohen's d = 0.54).
Physical Functions. One significant group-by-time interaction was found of the ADL training on the 6MWT, which indicates that after 3 months, the ADL group was able to walk longer distances than the group who received no ADL training (p = 0.02), showing a small-tomedium ES (Cohen's d = 0.38). Group differences in favor of the ADL group were still present after 6 months, but no longer significant. There were no effects of ADL training on other physical functions (Table 3) .
Mood. There was a significant main effect of ADL training on depressive symptoms when analyses were stratified for gender. This result indicates that, on average over time, ADL training had a positive effect on depressive symptoms among men (p = 0.01), with a large ES (Cohen's d = 0.86). There was no main effect of ADL training among women. In addition, a significant group-by-time interaction was found for depressive symptoms after 3 months among men, which indicates that after 3 months, men in the ADL group had fewer depressive symptoms compared to men who received no ADL training (p = 0.006; Cohen's d = 0.87). Group differences in depressive symptoms in favor of the ADL group were still present, but no longer significant, after 6 months (p = 0.06). No significant effect of ADL training was found on apathy.
Behavior. After correcting for α-inflation, no significant effects of ADL training were found for the 3 subscales and the total score of the CMAI when compared to no ADL training.
Effect of Exercise Training
Cognitive Functions. After correcting for α-inflation, no significant effects were found of the exercise training on the MMSE (b = 0.19, t(54) = 0.23, p = 0.82) or other cognitive functions when compared to no exercise (Table 3) .
Physical Functions. There was a significant main effect of exercise on grip strength, when analyses were stratified for MMSE. This indicates that, on average over time, exercise had a positive effect on grip strength among participants with mild-to-moderate cognitive impairment (MMSE score 15-23) compared to no exercise (p = 0.03). The Cohen's d = 0.61, indicating a medium ES (Fig. 3) . In addition, significant group-by-time interactions with medium ES were found for grip strength when analyses were stratified for MMSE. Specifically, participants with mild-to-moderate cognitive impairment in the exercise group performed better on grip strength after 3 months (p = 0.04, Cohen's d = 0.60) and after 6 months (p = 0.04; Cohen's d = 0.60) compared to participants who received no exercise training. There was no significant effect of exercise on grip strength for participants with moderately severe-to-severe cognitive impairment (MMSE score [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . There was no effect of exercise on other physical functions.
Mood. No significant effect of exercise was found for depressive symptoms or apathy when compared to no exercise.
Behavior. After correcting for α-inflation, no significant effect of exercise was found for the 3 subscales and the total score of the CMAI when compared to no exercise. 
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Effect of a Combined Exercise and ADL Training Table 4 presents overall intervention effects, as well as intervention effects after 3 and 6 months of the combined exercise and ADL training (EX-ADL) compared to (1) ADL training, (2) exercise training, and (3) no physical activity stimulation (CO).
EX-ADL versus ADL. There was a significant group-by-time effect of the combined exercise and ADL training on the timed up and go test, which indicates that after 6 months, participants who received both interventions performed the timed up and go test faster than participants who only received the ADL training (p = 0.04). The Cohen's d = 0.50, indicating a medium ES (Fig. 4) . No positive effects were found of the combined training on other physical functions, cognitive functions, mood, or behavior when compared to the "ADL only" training (Table 4) .
EX-ADL versus Exercise. After correcting for α-inflation, no significant main effects were found of the combined training on cognitive functions when compared to the "exercise only" training (Table 4) . A significant main effect was found of the combined training on depressive symptoms, indicating that on average over time, participants who received the combined training had significantly less depressive symptoms (p = 0.04) compared to participants who received only exercise training. The ES was small to medium (Cohen's d = 0.44). In addition, after 3 months, participants who received the combined training had significantly fewer depressive symptoms (p = 0.03; Cohen's d = 0.54) and lower apathy scores (p = 0.03; Cohen's d = 0.57) compared to participants who received only exercise training. After 6 months, these differences were no longer significant. There was no significant effect of the combined training on physical functions or the CMAI when compared to the "exercise only" intervention (Table 4) .
EX-ADL versus No Physical
Activity. Both the participants in the combined group and the participants who received no intervention declined in walking distance over time (Table 2) . However, there was a main effect of the combined training on the 6MWT, which indicates that on average over time, the participants who received the combined training were able to walk significantly longer distances than the participants who received no intervention (p = 0.04). The ES was small to medium (Cohen's d = 0.44). In addition, there was a significant group-bytime interaction effect for the 6MWT, indicating that after 3 months, participants who received the combined training performed better on the 6MWT than participants who received no intervention (p = 0.02). The Cohen's d = 0.53, indicating a medium ES. This difference was still present after 6 months, but no longer significant. After adjusting for α-inflation, there was no positive effect of the combined training on other physical functions, cognitive functions, mood, or behavior when compared to no physical activity intervention (Table 4) .
Discussion
The present study evaluated the effect of 3 physical activity interventions (i.e., ADL training, exercise training, and a combined exercise and ADL training) on cognitive functions, physical functions, mood, and behavior among NH residents with dementia. Our results suggest that a 6-month ADL training positively affects cognitive, physical, and mood outcomes. With regard to cognition, positive effects were found for EF, which became apparent after 6 months, and were reflected in improvements in verbal category fluency. Our results are consistent with a previous 3-month ADL training who also found benefits on EF. The authors hypothesized that these benefits from ADL training on EF may result from the appeal which ADL training makes on skills reliant on procedural memory (i.e., the memory necessary for knowing how to perform tasks without the need for conscious thought or attention) [25] . In order to complete basic tasks, cognitive or motor skills are involved which are retrieved automatically from the procedural memory. In elderly subjects with dementia, attentional processes involved in performing ADLs may be re-automatized by training procedural memory so that a task becomes an automatic process instead of a conscious task [25] . Attentional processes can then be disengaged and be used in other tasks, such as semantic fluency. In line with this hypothesis, it has been suggested that problems on the verbal category fluency task are related to problems with attentional capacity [84] . Other studies have also discussed the association between EF and ADL abilities, assuming a relationship between everyday tasks and underlying cognitive mechanisms [85] . Improved performance on the category fluency task is an important indicator of independent functioning, as it relates to daily production tasks (e.g., making a shopping list) and enables participants to link related concepts [86] . EF constitute one of the most important cognitive functions involved in maintaining ADL performance and independent functioning [85] . Therefore, the finding that ADL training improves EF in NH residents with dementia is clinically relevant as executive dysfunction is very common in this population [87] .
ADL training also had a small to medium positive effect on physical endurance. After 3 months, participants who received ADL training were able to walk 31.2 m further in 6 min than participants who did not receive ADL training, which was considered clinically relevant [88, 89] . This finding is encouraging, as performance on the 6MWT has been associated with strength, speed, balance, mood, and health factors in elderly individuals [90] . In addition, the 6MWT has been suggested to be reflective of the requirements of ADL performance [91] , as walking difficulties can limit activity and participation in everyday life. No other physical improvements were observed following the ADL training, which contradicts a large study who report improved mobility, gait, and balance [24] . This could be due to the comparatively smaller sample size (87 vs. 486) and lower average MMSE score (12.3 vs. 20.4) in our study [24] . However, other studies did not find benefits of ADL training on physical performance [26, 29] , which may suggest that the focus of the ADL intervention on training specific functional activities may not necessarily translate to improvements in physical functions.
Besides EF and physical endurance, ADL training resulted in reduced depressive symptoms among men, but not among women. Although this gender difference has not been described previously, positive effects of ADL training on depressive symptoms have been found in previous studies [28, 29] . One explanation for these positive effects might be the specific focus of the ADL training on improving independence and participation in everyday activities, as giving participants more autonomy and control, and performing meaningful activities is found to benefit well-being [92] . Men and women experience depression for different reasons [93] . We hypothesize that the demonstrated gender differences in the effect of ADL training on depression may, to some degree, be the result of general gender differences in personal factors such as self-efficacy, preferred physical activity approaches, goals, and values [94] . The large ES found of the ADL intervention on depressive symptoms among men should be interpreted with caution, as small samples can produce inflated ES estimates [95] .
With regard to the exercise intervention, we found that a multicomponent exercise training can benefit grip strength only of residents with mild-to-moderate cognitive impairment (MMSE score [15] [16] [17] [18] [19] [20] [21] [22] [23] . This finding is supported by studies describing the relationship between poor cognition and impaired strength [96] [97] [98] . However, considering the limited power of the stratified analyses, we cannot conclude that exercise is not effective for residents with moderately severe-to-severe cognitive impairment (MMSE score [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . There is evidence that grip strength can be improved in NH residents with moderate-to-severe dementia [99] . Maintaining grip strength is important as it is an indicator of upper body strength [96] and is considered one of the most important muscle groups for performing ADLs [100] . We did not find any benefits of our multicomponent exercise intervention on other physical functions, cognitive functions, mood, or behavior. These results contradict recent meta-analyses, where multicomponent exercise improved physical functions [32] [33] [34] [35] [36] [37] and cognitive functions [12, 40] , and reduced depression and agitation [1, 32] . The lack of effect of exercise could be the result of the moderate treatment adherence (55%) compared to similar studies (> 75%) [48, 51, 101] . In addition, the limited amount of intensity reports suggests that participants trained at a lower than intended intensity (i.e., mainly 2 sets of repetitions instead of the intended 3, and a shorter than intended walking distance). High intensity and good adherence are essential for positive outcomes [43] . Since there were some deviations from the intended protocol, firm conclusions cannot be made regarding the effectiveness of our exercise intervention. However, we can conclude that an exercise intervention performed at a lower than intended intensity is not effective in improving outcomes of NH residents with dementia. Even so, our results are clinically relevant, as they show the complications of performing such an exercise intervention among NH residents with moderate-tosevere dementia.
We found some additional benefits of a combined exercise and ADL training over an ADL only, exercise only, and no physical activity intervention. Specifically, after 6 months, the combined intervention group showed improvements in functional mobility compared to the "ADL only" group, improvements in depressive symptoms and apathy compared to the "exercise only" group, and improvements in physical endurance compared to the no physical activity group. We hypothesize that the ADL intervention was the driving force for positive outcomes of the combined intervention.
There are several possible explanations for the superiority of the ADL intervention over the exercise intervention. First, the higher adherence to the ADL training compared to the exercise intervention (68 vs. 55%) in combination with the higher intensity of the ADL training (7 days per week in all care routines throughout the day vs. 3 times per week for 30-45 min). We cannot conclude which aspect of ADL training contributed to the positive effects on outcomes: the motivation from the staff, the cues, the physical activity, the practice itself, the one-on-one attention, or a combination of these factors. However, considering the limited effect of the exercise intervention, it is important to mention that the effects of ADL training may not be solely contributable to increased physical activity. The effects may also be due to the personal guidance and repeated practice of basic skills, in combination with promoting independence and psychological well-being. It is possible that more improvement would have occurred in the exercise group with individual treatment. However, this is difficult to realize in an NH setting.
Strengths and Limitations
Strengths of this study include the pragmatic nature of the interventions, which could be implemented in the NH setting. Second, the randomized design allowed for assessment of similar groups, which is a frequently reported limitation in similar studies [102] . Third, the majority of previous studies measuring cognitive functions were limited to measures of global cognition (MMSE). We measured a broader range of cognitive functions [32, 37, 39] and, besides the MMSE, included the SIB-S as a measure of global cognition, which is more sensitive to change than the MMSE in patients with moderate-to-severe dementia [61] .
Some limitations should be considered. First, statistical inference is limited by the small sample size. As a result, we did not adjust our analyses for potential confounding factors, such as comorbidities, as this can lead to type 1 error when there is a small sample size [103] . However, the benefit of randomization is that it generates comparable groups with respect to variables that could influence the outcome, thereby minimizing confounding [104] . Second, the intensity of the exercise intervention was not consistently reported. Future research should pay extra attention to carefully reporting the exact intensity of the exercises, including number of sets, repetitions, and weight extensions for a strength training, and distance walked in meters for a walking training.
Conclusion
We conclude that ADL training is a feasible intervention that is effective in improving EF, physical endurance, and depressed mood of NH residents with moderately severe dementia. ADL training can easily be applied by nursing staff and enables continuous stimulation of movement throughout the day. No firm conclusions can be made regarding the effectiveness of our exercise intervention due to the moderate treatment adherence and limited number of intensity reports. We expect that a higher frequency or intensity of exercise training, as well as an individualized approach, may be necessary to stimulate changes. A combined exercise and ADL training appears to have some additional benefits over ADL, exercise, and no physical activity stimulation. More studies with larger samples are needed before firm conclusions can be drawn regarding the effectiveness of ADL training, exercise training, and a combined exercise and ADL training. However, our results highlight the important role which nursing staff play in preventing further disability through stimulating independence.
